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ENVIIHIE N EAEE P B 2R IR, HBGE 10P~1014 AN, MRk T —
MELFEIRINERS R G . iENREYIXS 18 FRe RS B IR BT, AL AR BN 4
FE DN RE K R VE S5 TR SRV (VR RIS, BEE Oy TR TR R IR, A2 Wt 7t fmiE
A 5 FAEV S BRAWHRIL, s S0 B0 BR [5R & il B -2 1 B B2 Wk JE FL Uk
(PCR-DGGE) 1. FGJEA AR HAR LN 580 5E & PCR 454, SR,  Gnfe] v ot A Bh 4
B il S SR A A AT o B, 8 AR EBR AT o A I AT AR SRR, R H AT
5] A AMBR 2 B i P S AN A AT o B G — B . TR, ARREG B R R
1 B I IE A ST E S o SRS B L, SR B B B0 A 18 T T A 2R RN 3
B AEIREAT 2 B, LA oK 7 IE N A TR B A K B O B 2, itk — DR
NGB MAE YR E TR RIS WM EM RN WYX R LS
PYEAN SR R LS AR A
1 MEET%

L1 BRI

IR AL T 18 SkA@ R 30 kg fhxKx K=o EKIE N 3 4, H4l 6
At o B2 AL 12.0%- 15.0%F1 18.0% 3 Fi 8 15 /K T (1 K-SR, 16137 30 d,
TR, HEBREMYOK. RIGLEHRE, BHREF 6 kI8, KHTCH IKEBRIET %5
BEREE. B, Bah B, ERMAhHBENENS 50 g, JEHUERL 6 BN
ALII3SME, FTRCEMBEA 2
1.2 S

TERAFREL 0.85 g 1) NaCl ¥ T 1 000 mL XU ZE/KH, f5 78708 A J BRI 1 mL ih-80,
SRIGE T 121 °Crmy K % N K 20 min, .

1.3 7rE 75k

WA BRI 1 s, BRI : 1) EH1 3k 30 kg MM RS A, TLHEIL



8. T B B, SNBSS, T 4 °CIRIE, FFH. 2) 70 FREUE
FRECETCEI A E . . Bl . 2l A AEZEE T TR 50 mL 208 a i, 4°C.
10 000 r/min &> 5 min, 3 EiE. 3) MEOE a PN 40 mL 4 B 2% i, e TR 231X
FRIZIHEE] 2~3 min, 4°C. 1500 r/min &0 5 min. 4) BEEGEOLE a BUH CRAERIZIRE
5, ¥ BIERBIAK NGRS FIJEH S0 mL B0 b, R RIEREOE b ETE
OHLF, 4°C. 10000 r/min &0 Smin, F EiE. 5) B 40 mL 2 BEZE 0k, TAEOE a
o BERTR AU ERIZRES) 2~3 min (RRUTIEMRPRECEE) , 4°CL 1500 r/min B§0> 5
min, KR IE BB Bign 5 T B0 b R, SR IS E LS b BT E L
BLH, 4°C. 10000 r/min &0 Smin, 3 B, 60 EEPIE3) | 5) & 1Kk, 7 Ml b

AW BUHE AR 2 mL BOE T, 70 °CLRAF, 55 TR IIE .

F

P

5. T Bl. 5. GBRESEE

.
TRIE S EMIEr L (e EFE T AT E

=010 000kemp, 4 T, S mind

T > E | FLE

g, BIZHES] 3 min

s8N =0 1 300 frmp, 4 77,5 min )

] ~ZE

e WLEE B

=0 (10j000 rmp, 47, Smind

BEFET
HiF |— FLE
A
£ T
E R E PCR-DGGE

K1 o Bk K



Fig.l Flow-diagram of microbial separation
1.4 UEV R AR SRR A

LB B ISR [ i A A B0 0 B JE BOAE S 0.8 mL T 15 mmx150 mm iR, [
AR ITRE I 0.8 mLy 6 mol IUEEMR, HRFHIRSS. RGBT KRS 1R 1/3 ibhr
% 4~6 mm, FHIET 10 min J5EE . HHRAEET (1102100 CIEIRHAFT DK iR
22h, FRERHANEER, BBELC. W1 mL R T 50 mL Bebtd, H 60 °CHEIEK
WATIEM, B 1mL. 0.02mol MIEEER, HI 0.22 pm JEREENE, A5 E T4 H a2k
BRI A LML AT, e sl e 45 3
1.5 PCR-DGGE #&ill

AN R R R LA 43 549 380 1 B e ) 5 B S AR S U E B A, SEERH Tk
DNA #2HL. ¥ 1 DNA FBONZHE 16S rRNA ] V3 [ 25X, 514K 357F-GC-clamp-
357F F1 518R 5| ¥)ik4T PCR 4 44 F1AS LA B BEIR HL UK, He b GC &1 4: 5°-CGC CCG GGG
CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG GAA CGC GAA GAA CCT TAC-3,
357F 5147 %1°4: 5°-CCT ACG GGA GGC AGC AG-3°, 518R 5| #J751124: 5°-ATT ACC GCG
GCT GCT GG-3’. HLUKKH D-code 1 LKA FE &L FLUK(DGGE) 4t (Bio-Rad) , HLIKZE
MY IXTAE UK (pH 8.0) o mFE, THEFVKZE 60 °C, BHJS/E 100 V EILH
JEFHIK 19 he HIKEE RS, Y, M, REERR.
1.6 HIEGZIT I

I HHE K A Excel 2007 FFBEAT 8 . SR SAS 9.1.3 BT HEAT B K 3R 07 22 00 T
1) B F V50 R H Duncan [IRIEHEAT 2 B ELEL, S5 R CLFIEANFRHER (SEM) FoR.
2 BRE5T
2.1 AFEGIE N FEY5 F0RE S 1R R L ) RO AR B J 4% B AR FE RN B T 5 i

AR 38 N 25 5 ST ot O R EE 9 A PR R 2 Ly B R FE AN B A T L & B R



1. R2MEL3 PR, B EWHHEG A EDR R ORI 38 5.6, 4.8, 4.0, 32¢
B, WERELLE 0 A8 14%. 12%. 10%. 8%, AT HSEM S EEEKRI . EAR
FRECE AR LU R, B AR BRI, 1k 99% DL b, WifRT E & B rlik
#) 1.63 gkg LA b FBEELHIN 12% 5 LU, ) [l N S o SRR aE, Al
1% 98.0%~99.9%, B AT H & &5 B ik £ 2.00 £ 2.50 ghkg UL b ME . &N YA
FEAE AR LUl 8% 2 2%, FEMMIIPRIE 1 3.2 g [ 0.8 g, WARTEHE RN H
FEEWARIRT & Wk LLBIE 6% S LRIy, B 7 R AL 97% L b, Al 3kAR
AT E & &L 7.04 g/kg UL b WoRELLOIZE 6% M LU RIS, S5t 95y B RE Rl ik
95%LL b, BT ESEAIE 1529 gikg UL L FiBELBITE 4% K& LLRIS, FERMAY 55
FEFETTIL 98% LA b, B AT H & & 0]k 20.32 g/kg M k.
R JHiE N SR IORR R LR AR B
Table 1 Dilution ratio and weight of intestinal contents and faeces samples

ik 5] Dilution ratio/%
WiH Items

14 12 10 8
FRHLEE: Weight/g
B Stomach 5.6 4.8 4.0 32
=/ Jejunum 5.6 4.8 4.0 3.2
[ lleum 5.6 4.8 4.0 32

ik 5] Dilution ratio/%

FREUE Weight/g

B Caecum 3.2 2.4 1.6 0.8

45 Colon 3.2 2.4 1.6 0.8



F&F Faeces 3.2 2.4 1.6 0.8
®2 AFEMBELOITNE . ShpAEg N EY s B & AT E A
Table 2 Degree of separation and content of dry cell weight at different dilution ratios of
stomach, jejunum and ileum contents samples
TiH HiReLL ] Dilution ratio/%
Items 14 12 10 8

T EFEE Degree of separation/%

B -1 Stomach-1 99.1 99.5 99.9 99.9
-2 Stomach-2 99.0 99.4 99.9 99.9
2 1H-1 Jejunum-1 95.7 98.6 99.1 99.9
2 -2 Jejunum-2 95.3 98.7 99.6 99.9
[ 77-1 Nleum-1 93.8 98.5 98.8 99.8
5] -2 Nleum-2 93.0 98.1 98.5 99.6

BT HEEE Content of dry cell weight' (g/kg)

-1 Stomach-1 1.65 1.70 1.73 1.74
-2 Stomach-2 1.63 1.68 1.72 1.73
2 -1 Jejunum-1 2.02 2.20 2.44 247
2 M-2 Jejunum-2 2.00 2.17 241 2.43
5] J-1 Tleum-1 2.53 2.58 2.79 2.88
5] J3-2 Tleum-2 2.50 2.55 2.76 2.84

1o 2 ARFE— MR TATRE . 73 B (%)=100 X CEERE S R HR — 70 A B i
e /MEREEEE. HARTHESSE (gkg) =/rBEENREATE (o) MFFELSE (kg .

2% 3 [A.



1 and 2 represent parallel samples taking from the same sample. Degree of separation (%)=(the
amount of bacteria in fresh sample —the amount of total bacteria after separation)/the amount of
bacteria in fresh sample. Content of dry cell weight (g/kg) =the content of dry cell weight after
separation (g) /the total weight of fresh sample (kg) . The same as Table 3.

K3 AFEMRELG T EW. NSRS S0 SRR LA T E S
Table 3 Degree of separation and content of dry cell weight at different dilution ratios of
caecum, colon contents and faeces samples

TiH HiReLL ] Dilution ratio/%
Items 8 6 4 2

T EFERE Degree of separation/%

B -1 Caecum-1 86.0 97.9 99.4 99.4
B -2 Caccum-2 86.2 97.1 99.7 99.9
Z5J%-1 Colon-1 86.9 96.3 98.3 99.3
% 1%-2 Colon-2 86.5 95.2 99.0 99.0
F%{F-1 Faeces-1 64.1 86.1 98.5 98.9
F4fH-2 Faeces-2 62.9 87.6 98.7 98.7

BT HEEE Content of dry cell weight' (g/kg)

E -1 Caecum-1 5.47 7.04 7.00 7.00
E -2 Caecum-2 5.48 7.06 7.02 7.02
-1 Colon-1 13.22 15.29 18.46 18.55
45 %-2 Colon-2 13.24 15.32 18.48 18.58
F4ff-1 Faeces-1 13.25 16.00 20.32 20.41

F5{#-2 Faeces-2 13.28 16.04 20.36 20.45



2.2 I P 2SN SO A 0 T A e R T 2L A W 5 R

X 15 fizy P9 25 P R S AT B AR A R R R R AL AT I &5 SRk 4 Rk S o, a5 SRR,
K181 iy P 2D AN 2 I E M B AR R IR ST 17 Fbo b, % 285 rh i AR R S R ALK,
HRAEIR (Asp) « 2K (Ser) « WA (Ala) « HER (Pro) . &R (Cys) .
HEAR (Val) « BRER (o) &R (Lew . HEM (Lys) . A& (His) ks
R (Arg) WFPAPRIAS [F) 2 5K R FR Bl RO 35 (P<0.05) , A& (Glw) .
H&EM (Gly) « K& (Tyr) %R (Thr) . FHEEE (Met) . %8 (Phe) *f
TR [F) 2R 1 KO I8 FR AR N R AN B35 (P>0.05) o 5101 i A 25490 v B 2E 0 1 4k
IR AL Aspy Ser. Glu. Gly. Ala. Pro. Thr. Cys. Val. Met. Ile. Leu. Phe. His
A Arg W PRRAN [R]85 157 7K ST 1R FR Bl S R 2 (P<0.05) , A Tyr A Lys %4/t

ANTFER F KPR E TR N CR AN 2 (P>0.05)



Table 4 Effects of dietary different protein level on composition of microbial amino acids in faeces of swine

K& %
i H

AR [izd
Items

Asp Ser
L-CP 11.00° 1.49°
M-CP 10.90° 2282
H-CP 13.70? 1.83b
SEM 0.19 0.06
PiH

<0.01 <0.01
P-value

L-CP: k& A JHAKF

IR =

L)

E&%

Glu

12.54

12.16

12.64

0.34

0.57

(12%) ; M-CP: W& A FiKF

_H

i)

B

Gly

7.83

7.68

7.70

0.18

0.80

* 4

Ala

10.70*

10.30?

9.80°

0.21

0.03

TAPRRAS [ B 15 7K S 50F A8 ol 2 00 T A e 2 R AL 14 52 i

Pro

5.89*

5712

4390

0.12

<0.01

A

E&%

Tyr

3.59

3.83

391

0.12

0.11

i)

I

B

4.36

4.51

4.13

0.12

0.12

R

i)
k>

0.76°

0.77°

1.20°

0.08

<0.01

G

e

Val

5.44b

6.39*

5.53%

0.14

<0.01

F B

AR

i)

1.86

1.85

0.06

0.04

6.06*

6.38*

437"

0.13

<0.01

i)

.
=]

=

v

i

Leu

11.30°

10.10°

11.40°

0.23

<0.01

KN

i

i)

Phe

4.61

4.63

4.78

0.15

0.66

%

&
il

B

Lys

4.04°

4.08°

4.50*

0.12

0.03

His

2.32%

2.47°

2.83*

0.09

<0.01

B

Arg

6.45*

5.93b

5.44¢

0.16

<0.01

a3
Pl

s
B

TAA

100.00

100.00

100.00

0.00

1.00

(15%) ; H-CP: mEAFKT (18%) . FFEIB s AF/NEG FRERRZEREZE (P<0.05),



4 JAHRNS TR ERARE (P>0.05) o NEF.
5 L-CP: low protein level (12 % ); M-CP: middle protein level (15 % ); H-CP: high protein level (18 % ). Values in the same column with different small letter

6  superscripts mean significant difference (P<0.05), while with same small letter superscripts mean no significant difference (P>0.05).



i H

Items

L-CP

M-CP

H-CP

SEM

P

P-value

11.80*

8.80°

11.80*

0.23

<0.01

x5

TAPRRAS [ B 15 7K S50 [0 i ol 2 A0 T S e 2 R AL 14 52 i

Table 5 Effects of dietary different protein level on composition of microbial amino acid in ileum content of swine

B

Ser

436"

4.03*

3.23%

0.12

<0.01

IR =

L)

E&%

Glu

9.040°

9.740°

12.80°

0.25

<0.01

H

L)

e

Gly

5.59b

6.54*

4.93¢

0.12

<0.01

HE

e

Ala

8.96*

8.28°

6.00°

0.18

<0.01

HEA

e

Pro

6.30°

6.80*

4.85°

0.19

<0.01

A

E&%

Tyr

3.64

3.97

3.50

0.19

0.24

i)

P

3.01*

2260

3.26*

0.12

<0.01

bk

i

i)

Cys

1.57°

1.36°

2.57*

0.05

<0.01

SR

e

Val

6.88*

6.94*

5.31°

0.17

<0.01

F B

A

i)

Met

3.14°

2.24¢

3.952

0.15

<0.01

6.75*

6.80*

5.29b

0.28

<0.01

i)

.
=]

=

Ju

E&%

Leu

10.60°

11.80*

11.80*

0.23

<0.01

ESG]

i)
k>

Phe

5.77°

6.91°

7.75*

0.12

<0.01

it

L)

B

Lys

4.67

4.80

4.30

0.32

0.52

%

His

4.61°

3.71°

438

0.19

0.01

B

Arg

3.26°

5.00*

4220

0.15

<0.01

a3
Pl

s
B

TAA

100.00

100.00

100.00

0.00

1.00
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EAFEMBLE T, B Zh. W, . 450 AN E WA b f A H R

PCR-DGGE 5 R U 2 s IRICAFMBELHENE . =, Big. 5. &N ED

AN h G HE I 4 DNA, 5 DLGH B8 5103847 PCR 47 38 AR VR FE e LK . 45
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a.
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Fig.2 Results of PCR-DGGE of different dilution ratios of gastrointestinal contents and faeces
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A, B HIENBY LA REMF SRR L, I A R A5 B 5 IR 1 S A AR 22
» WRIR 7T o ARER K HIRR B0 2 B DT VAR B i N A ) 5 A
WIREYHEAT 73 88 o FRRELLBIAE 12% K DL, B 2 A el iz A B4 (e 7y B e
Bk, ik 98%LA by FREELBILE 4% R LATRIN, B 45 A EY LA RS AE T AR
Iy SRR ATk 98% LA b, I HAEE H MR LLBE N T, B s N A YA S RE i b iy
AR EATE. ARBIEN T EEINE. 2l B, 8. N EY
FAE P B AE 1T DGGE 70 #r, 45 AT 2 BUE Wi F & 1 B I iE A S b A
DGGE %o Al AR B0k F it i AR 1 35 /K G0 0 S A BRAE O, PRI O R B B 0o 47 B
BEMAEY, AR TR . AEEARIRIE, ek N A ECE T S AR
Yoy e, AT UAA RO HEER SV I T8 N B9 S 3B b VF 2 R AL BB . T AL
R WE CEREhY) S84 JTUR T A 1 4 6 B B B A 3 o & 2R ) L DNA IR SR
PR, i H A gk R 22 4 2 ) A S B FR B DNA Hh 7 5 B ek 22 45 i) 10,
ARG XS 7> B AR BN 3 A [F) 2 3 BT F T 4 8] N A P AN S R W B R IR A A
BEAT VAN . S5 RRR, FE B A AN SO R A Y AR SR IR 17 B, Rl
PN AR A o Aol 2 00 T R S R 2L PR AR AN [R] A 1 i 7K PR R A B SOR A A 7
Stk Hb, EEERMEYE IR E IR Asp. Ser. Ala. Pro. Cys. Val. Ile. Leu. Lys.
His A1 Arg X APARAS [R5 50K CT 198 IR A BT 6 2% o [l i S AE WD T AR B R T Assp.
Ser. Glu. Gly. Ala. Pro. Thr. Cys. Val. Met. Ile. Leu. Phe. His Al Arg X /AR AN [H
WA FUKF I E TR R 3 . Ak, AR 70 B AR M ) J7 V28 s H T E X
TE A 00 T A A TS T R B P R B PR O T L, 38 AR 7R B AR 3 1Y)

A= a] F 22 Bl SGFE AR BRI -

@© AR S — Rk B i A A5 S RE IR L B 0 BT IEAU R
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A Gradient Centrifugation Separation Method for Microorganisms in Gastrointestinal Contents
and Faeces of Swine
LI Jinlong WANG Yao MAO Yajun CHEN Qingju LU Changwen TANG Zhiru"
(Key Laboratory for Bio-Feed and Animal Nutrition, College of Animal Science and Technology,

Southwest University, Chongging 400715, China)

Abstract: This experiment was conducted to investigate a gradient centrifugation separation
method for microorganisms in gastrointestinal contents and faeces of swine. First, dilute the
gastrointestinal contents and faeces with separation buffer to find the fittest dilution ratio. Then
gradiently centrifuge and acquire microbial bacteria from gastrointestinal contents and faeces
samples. By this method, the best dilution ratio of gastro, jejunum and ileum contents to
separation buffer ranged from 8.0% to 12.0%, and the weight of samples ranged from 3.2 to 4.8
g. The best dilution ratio of cecum, colon contents and faeces ranged from 2.0% to 8.0%, and the
weight ranged from 0.8 to 1.6 g. We detected the amino acids composition of microorganisms in
ileum and faeces as well as the diversity of microorganisms in gastrointestinal content and faeces
of weighed at 30 kg pigs fed with three kinds of protein level diets (12.0%, 15.0% and 18.0%) .
The results showed that the most amino acids composition of microbes in ileum contents and
faeces were significantly responsible to different protein levels of nutritional model (P<0.05).
The bands in polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE)
figure were rich and legible with microorganisms separated from gastrointestinal contents and
faeces. The study demonstrates that this method has high separation degree and obtains
substantial dry cell weight. Meanwhile it owns advantages of less cost, easy operation and good
repeatability, which provides a method for studying the physiological function of gastrointestinal
microbes deeply.

Key words: swine; gastrointestinal contents; faeces; microorganism; gradient centrifugation
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